ABSTRACT The effect of rat spinal cord explants and cell-free nerve extract on acetyicholine receptor site density and distribution was studied using 125I-and rhodamine-labeled abungarotoxin on Le, a cloned rat muscle cell line. Control Lt myotubes have a low and uniform distribution of acetylcholine receptors (20 i 3 sites per pm3 in the present study) The addition of spinal cord explants caused an increase in average receptor site density of abut 6 times on myotubes within 2 mm of the explant, while a smaller increase of 3 times was observed at distances greater than 5 mm. The formation of high-density patches of receptors was also stimulated. These observations suggested that a diffusible substance originating from the explant was responsible for these changes. Cell-free homogenates of the central nervous system were prepared and found to produce the same effects. The effect of the homogenate was not strongly dependent on the age of the fetus from which the tissue was isolated, and fetal liver had little or no effect. The active component~s) appears to be a protein(s) with a molecular weight of abut 100,000. Because the nerve homogenates make the L6 cells resemble primary muscle cultures, we suggest that a common factor is responsible for regulating the acetylcholine receptor in the two types of muscle culture. The normally acetylcholine receptor-poor L4 cells may provide a more sensitive assay for these factors than do primary muscle cultures.
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Many studies on neurotrophic phenomena have dealt with the control of synthesis and distribution of the acetylcholine receptors (AcChR) in embryonic and adult innervated and denervated muscle. One favored system for these studies has been muscle cells grown in culture [see recent reviews by Nelson (1) and Gutman (2) ].
In primary muscle cultures the AcChR tends to form in high density patches on myotubes. Several authors have suggested that these patches play a role in the subsequent development of the cells (3, 4) .
The L6 line of cloned muscle cells (5) resembles primary muscle cultures in its developmental sequence and ability to form synaptic connections (6) . Furthermore, the conductance change per AcChR in response to AcCh is the same in L6 as in primary rat myotubes (7) . However, these cells have a uniform distribution and considerably lower site density of AcChR than the myotubes in primary cultures (7) (8) (9) . These characteristics make L6 a desirable system for studying the possible control of AcChR distribution in skeletal muscle prior to innervation.
The present study deals with the effects of isolated explants of nervous system tissue and of cell-free nerve extracts on AcChR in L6 cells. We have found that both are capable of inducing an increase in average AcChR site density and the formation of high-density patches.
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METHODS
The acetylcholine receptors defined as a-bungarotoxin (BTX) binding sites were visualized either by fluorescence after labeling with rhodamine-a-bungarotoxin (R-BTX) (10, 11) or by quantitative autoradiography after labeling with [125I]iodinated a-bungarotoxin (l25I-BTX) (9) . For both probes the specificity of toxin binding was tested by competition with unlabeled toxin or 0.1 mM d-tubocurarine. Incubation with 125I-BTX under the conditions of these experiments has been shown to inhibit the response to iontophoretically applied acetylcholine (7) . For the quantitative autoradiography, cells were fixed in 2% (vol/vol) glutaraldehyde in 0.1 M sodium phosphate buffer (pH 7.4), washed in distilled water, and air dried before being coated with emulsion.
In our earlier studies (ref. 7 and unpublished observations) we had found that primary fixation with glutaraldehyde caused considerable membrane blebbing and poor preservation of fine structure, especially for mononucleated cells. These effects were eliminated if 0.1% OS04 was added to the glutaraldehyde. However, the AcChR site density was not significantly different with or without the OS04 addition to the glutaraldehyde.
In order to avoid problems due to the uneven drying of liquid emulsion over the nonuniform surface of the cells in culture, we used a monolayer stripping film of Ilford L4 emulsion. Sensitivity was aseed using known sources of 125I; chemography was controlled with an evaporated carbon layer (7) . Developed grains were counted under high-dry optics (Reichert Diapan, "anoptral" phase contrast) at X640. Regions of myotubes to be counted were chosen randomly by focusing on three to four arbitrarily chosen widely dispersed regions of each dish, then moving the stage left until the nearest myotube was encountered. Grains were then counted in 8-24 adjacent unit areas, each consisting of 100 lm2 over this randomly encountered region of the myotube. (Myotubes were omitted only if dirt obstructed the counting view.) We estimate that depending on the size of the myotube, we counted grains over 10 to >50% of the entire myotube surface area. AcChR sites per ,.m2 were then calculated from the counted grain density, using the formula given previously (7, 12) for which an accuracy of better than 430% is estimated. In addition to the randomly selected myotubes each dish was systematically scanned to locate one myotube with a very high, and one with a very low, AcChR density so as to assess the range of site density in one dish. Nerve extracts and explants were made from 18-day-old rat fetuses, unless otherwise indicated. To make nerve extract, tissues were homogenized in a glass hand homogenizer in Puck's saline G (pH 7.2) and centrifuged at 500 X g; the supernatant fraction was removed, and the pellet was rehomogenized in saline G and recentrifuged, all at 40. The two supernatant fractions were pooled and sonicated for c20 sec., frozen overnight, and then centrifuged at 100,000 X g for 60 min. The supernatant fraction of the 100,000 X g centrifugation was assayed for protein by the method of Lowry, using bovine serum albumin as a standard (13 Tables 1 and 2 summarize the results obtained with different extracts and explants. The fluorescent technique provided a rapid qualitative measure of the presence of high-density AcChR patches, but intrinsic background fluorescence made detection of AcChR outside patches difficult. The fluorescent technique was thus not very sensitive in detecting increases in average AcChR site density. R-BTX-labeled myotubes showed high-density receptor regions n 12-20 ,um long, whereas cells treated with control buffer showed few if any such patches. In general nerve extract-or explant-treated myotubes also showed a very dim diffuse labeling between patches, which was most easily seen by a tangential edge brightening. Most patches were near the edges of the myotubes, some were on the top, very few were on the bottom. This is in contrast to observations made on primary rat muscle cultures, where most of the patches were found on the bottom of myotubes (7, 10) , and predominantly where myotubes were in contact with the tissue culture dish (7). The patches on both primary and L4 cells have a granular internal structure with a final structural unit of less than 1 ,um2 (see Fig.  2 ). The persistence of this patch substructure over periods of time of at least 10 min indicates that the AcChR within these regions is relatively immobile (10). Using the R-BTX, we found no difference between the extracts prepared from brain or spinal cords and could not distinguish between 14-and 20-day-old fetuses when equal amounts of protein were used. As Table 1 However, because the high-density patches occurred rarely and occupied a relatively small fraction of the total area in the randomly sampled myotubes, there was no significant effect if these patches were omitted from the calculated average AcChR site density.
The largest increase in receptor site density that we have observed was on myotubes near the spinal explants. However, the increase was not limited to the region immediately surrounding the explant but was also found on myotubes many millimeters away from the explants (see Table 2 ). In fact, the site density in these more distant regions was identical to that found with the cell-free extracts. These observations strongly support the idea that a substance is diffusing from the explants and is not limited to nerve processes growing from the explants making contact with myotubes. After this study was completed, a similar effect of cord explant on acetylcholine sensitivity of chick myotubes in culture was reported by Cohen and Fisch- Average site densities were obtained from 3-15 randomly selected myotubes (see text) and are given : standard error of the mean. The number of total grains (n) used in the calculation is indicated in parentheses. The area tabulated per myotube varied from 800 to 2400 ,Am2. Because the autoradiographic sampling error is Vfi, it was well below 10% in all cases. Background BTX site density on mononucleated cells was 11 + 2 sites per ,m2 and was substracted from each of the above values. The mg values are the mg of protein added over a 3-day period. High-low sites per Am2 refers to averaged site densities on two selected myotubes. These were selected after scanning the cells in the dishes to locate one myotube having a high overall label along its full length, and a second having a low overall label. These two values were not included in the average values obtained from randomly selected myotubes and were chosen to give an impression of the full range of site densities for different myotubes in all the dishes used for each treatment. Note that the randomly selected tubes invariably fell within this range. The values for the spinal cord explants were obtained from myotubes within 2 mm of the explant and at distances greater than 5 mm; otherwise the myotubes were selected randomly. The values for the primary rat myotubes agree with those previously reported (8) . Note primary rat myotubes were not treated with nerve factors.
bach (14) . The questions of whether nerve muscle contact was necessary or if the effect was specific to motor neurons was not resolved in that study.
We performed three types of experiments which suggest that the substance in the extracts causing the effects on the receptor site density is a macromolecule and is probably a protein(s). First, dialysis sometimes reduced the activity, but significant activity always remained after extensive dialysis. Second, filtration of the extract through Sephadex G-100 showed that the activity filtered as one peak with a molecular weight of about 100,000. A precise molecular weight estimate will require additional work. Third, trypsinization ( The effect of the nerve extract on overall protein synthesis was determined, and approximately a 20% increase was shown by both sodium dodecyl sulfate extraction of cells followed by Lowry protein determination and [3H]leucine incorporation under conditions in which there was no large change in the number of cells. This effect is similar to that reported by Oh (15) on primary muscle cultures.
DISCUSSION
We have shown that substances released from embryonic nervous system explants and contained in nervous system cell-free extracts can alter the AcChR in cultured b cells in two important ways: (f) there is an increase in average AcChR site density; and (ii) high-density patches of receptors are formed. These results clearly demonstrate the presence of a diffusible factor that is capable of causing these changes in AcChR number and distribution independently of innervation or nerve contact.
Several studies have recently used nerve extracts in an effort to identify neurotrophic factors (15) (16) (17) (18) (19) . These studies have found that proteins are the primary active component in the extracts, but the molecular weights of the proteins have ranged between 10,000 and 300,000. Much more work will be necessary to characterize these proteins in order to determine their relationship to one another. In addition to these proteins, it has also been suggested that small molecules such as cyclic AMP may also be involved (20, 21) . Ravdin (22) , however, has shown that neither derivatives of cyclic AMP nor agents that increase the cyclic AMP levels cause the formation of high-density patches of receptors in b cells. Therefore, in the b cells, cyclic AMP by itself is not sufficient to cause this change in AcChR distribution.
Because untreated b myotubes have a very low and random AcChR distribution, the treatment of these cells with central nervous system explants or extracts causes them to resemble primary rat muscle cultures at least with respect to the presence of AcChR patches. The differences between the untreated L6 cells and primary muscle cells may, therefore, be due to the exposure of the primary cells to neurotrophic factors in situ. Any such neural influence may have disappeared in L6 cells because of the long period of time they have existed in culture (5) . On the other hand, the presence of other cells such as fibroblasts in primary culture cannot be excluded as a source of the stimulatory factor. It remains uncertain, however, what relationship these observations have to synaptogenesis in situ, because the role, if any, of the patches of AcChR in synaptogenesis is unknown.
Anderson et al. (23, 24) have shown a redistribution of existing AcChR to form high-density patches in the presence of dissociated neural tube cells and argue that this redistribution may be the primary mechanism in the formation of neuromuscular junctions. A preliminary report by Christian et 
